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ABSTRACT 
 
 
 
 
Pectin has been used widely as thickener, stabilizer and gelling agent. However, 
the source of pectin industrially are still limited. This study aims to optimize the 
extraction of pectin from sweet potato residue using hydrochloric acid and analyses 
the properties of the pectin. In this study, the extraction of pectin from sweet potato 
residues using hydrochloric acid was optimized to maximise its yield and quality using 
response surface methodology (RSM). Then, the extracted pectin was further analyse 
for its degree of methylesterification (DM) using Fourier Transform Infrared 
Spectroscopy (FTIR). In this study, 0.5 %w/v, 1.0% w/v and 2.5% w/v concentration 
of pectin sugar solution were used to study their rheological properties. The 
antioxidant activity was assessed using DPPH radical scavenging activity. The 
optimum condition to extract pectin from sweet potato residues was at extraction 
temperature (60 ̊C), pH (1) and extraction time (60 minutes) yielding 24.4 % pectin 
using hydrochloric acid. The pectin extracted has 57.48% of DM which indicated that 
it is high methoxyl pectin and able to form gel with the addition of sugar. The 
rheological properties analysis shows that 0.5% w/v pectin sugar solution shows 
Newtonian fluid behaviour while 1.0% w/v sugar pectin solution and 2.5% w/v pectin 
sugar solution showed pseudoplastic fluid behaviour. Moreover, the pectin was show 
25.5 to 37.7% of radical scavenging activity. 
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ABSTRAK 
 
 
 
 
 Pektin telah digunakan secara meluas sebagai pemekat, penstabil dan ejen 
gelling. Walau bagaimanapun, sumber pektin dalam perindustrian masih terhad. 
Kajian ini bertujuan untuk mengoptimumkan pengeluaran pektin daripada sisa keledek 
menggunakan asid hidroklorik dan menganalisis sifat-sifat pektin. Dalam kajian ini, 
pengekstrakan pektin dari sisa keledek menggunakan asid hidroklorik telah 
dioptimumkan untuk memaksimumkan kaedah gerak balas permukaan hasil dan 
menggunakan kaedah (RSM). Kemudian, pektin yang diekstrak dianalisis dengan 
lebih lanjut untuk mengetahui darjah pengesteran (DM) menggunakan Fourier 
Transform Infrared Spektroskopi (FTIR). Dalam kajian ini, 0.5% w / v, 1.0% w / v dan 
2.5% w / v kepekatan larutan gula pektin telah digunakan untuk mengkaji sifat-sifat 
reologi. Aktiviti antioksidan dinilai menggunakan aktiviti memerangkap radikal 
DPPH. Keadaan optimum untuk mengekstrak pektin dari sisa keledek adalah pada 
suhu pengekstrakan (60 °C), pH (1) dan masa pengekstrakan (60 minit) menghasilkan 
24.4% pektin menggunakan asid hidroklorik. Pektin yang telah diekstrak mempunyai 
57,48% daripada DM yang menunjukkan bahawa ia adalah pektin bermetoksil tinggi 
dan dapat membentuk gel dengan penambahan gula. Analisis sifat-sifat reologi 
menunjukkan bahawa 0.5% w / v larutan gula pektin menunjukkan kelakuan bendalir 
Newtonian manakala 1.0% w / v larutan gula pektin dan 2.5% w / v larutan gula pektin 
menunjukkan kelakuan bendalir pseudoplastic. Selain itu, pektin itu menunjukkan 
25,5-37,7% daripada aktiviti memerangkap radikal.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of Study 
 
 
Sweet potato, Ipomoea batatas L. (Lam.), a dicotyledonous plant that belongs 
to the family Convolvulaceae contains high dietary fibers, minerals, vitamin and 
antioxidant such as phenolic acid and carotene. It is also categorised as short term food 
crops. They are staple food crop in some developing countries. They are grown widely 
in tropical and subtropical region. Sweet potato also serves as animal feed and as raw 
product for industrial purposes. Moreover, sweet potato ranked as one of the most 
important crops in developing countries besides rice, wheat, maize and cassava (Hue 
& Low, 2015).  
 
 
Pectin are natural hydrocolloids that are found in higher plants as main 
structural elements of cell walls. Basically, they are complex polysaccharides 
containing 1,4- linked-a-D galacturonic acid residues. Neutral sugar units are attached 
to the backbone and concentrated in highly branched ‘‘hairy” regions. Part of the 
carboxylic groups in the galacturonic chain exists in methyl ester form, and the degree 
of methylation (DM) divides pectin into two types. They are high methoxyl pectin 
(HM) and low methoxyl (LM) pectin. In the high-methoxyl (HM) form, more than 
50% of the carboxyl groups are methylated, meanwhile in the low-methoxyl (LM) 
form less than 50% are methylated. The degree of methylation is very important for 
the gel formation of pectin. 
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Pectin is mainly used in food processing industry as gelling and thickening 
agents, emulsifiers as well as stabilizers in jams, jellies, confectionery products, and 
beverages. Other than that, pectin is also used in pharmaceutical and cosmetic industry 
as natural prophylactic, as binding agent in tablet formulations and as carrier of a 
variety of drugs. Pectin is also a component of soluble dietary fibres and plays a 
significant role in many physiological processes as it is poorly digested in the small 
intestine but ferments in the colon. For now, the source of commercial pectin are apple 
pomace and citrus peel, and to a certain extent sugar beet roots and sunflowers. 
However, there is a requirement for a novel source of pectin to manufacture pectin 
with tailored structures and beneficial properties, particularly adaptable for biomedical 
application. Therefore, the isolation of pectin from a cheap and abundant renewable 
resource, such as agricultural and food waste is a concern, moreover improve waste 
management and create another prospect of income to the economy. 
 
 
The manufacture of pectin typically comprises extraction, purification, and 
drying. The use of a suitable method for pectin extraction is significant to maximize 
its yield and quality. Pectin can be extracted using various techniques. The most 
frequently used techniques are: i) solvent extraction by stirring and heating, ii) heat 
refluxing extraction and iii) microwave heating extraction. In solvent extraction of 
pectin by stirring and heating, different type of solvent was used. In this experiment, 
hydrochloric acid (HCl) was used as the solvent. The yield and properties of pectin 
usually depends on the raw materials used to extract pectin and the extraction 
conditions, such as temperature, extraction time, pH, and type of extraction solvents 
(Yeoh, Shi, & Langrish, 2008). 
 
 
Traditionally, an optimization process has been conducted by monitoring the 
influencing of one factor at a time. However, the pectin extraction is a physical-
chemical process in which hydrolysis and extraction of pectin macromolecules from 
plant tissue, and their solubilization take place continuously under the influence of 
different factors, mainly temperature, pH, and time. As such, the influence of these 
parameters, not only the single one but also the interaction between them, on the 
optimal extraction condition is necessary to be established. In order to provide a 
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solution to this problem, the response surface methodology was consequently chosen 
as the tool to determine and to solve multivariable equations for optimizing the 
extraction processes of pectin from the sweet potato residues. The main objective of 
this study was to determine effects of the pectin extraction parameters (pH, 
temperature, and time) on their responses (yield). Such relationships finally led to an 
optimum condition for pectin extraction from sweet potato residue. In addition, the 
optimized sweet potato residue pectin was analysed for its degree of 
metyhlesterification, rheological properties and antioxidant properties. 
 
 
 
 
1.2 Problem Statement 
 
 
Sweet potatoes are mainly used to produce starch and starchy foods. Other than 
that, sweet potato also is being consumed directly. Thus, considerable quantity of 
residues is generated. Some of these residues are used as animal feed and the majorities 
of these residues are directly thrown out and consequently pollute the environment. 
The peels are mostly considered as waste materials. They are produced from the sweet 
potato processing industry and are normally discarded. Environmental problem, 
particularly these discarded peels of sweet potatoes can cause water pollution. Thus, 
in addition to being fed to animals, the peels can be utilized to produce pectin, which 
would then increase the potential return for the sweet potato processing industry. 
 
 
Pectin is a complex polysaccharide that makes up about one third of the cell 
wall of higher plant. Pectin are found to be at its highest concentration in the middle 
lamella of cell wall. At present, commercial pectin are derived from citrus peel and 
apple pomace. They are by product from juice manufacturing. Apple pomace contains 
about 10- 15% of pectin on dry matter basis. Meanwhile, citrus peels contain relatively 
higher 20- 30% of pectin. Sugar beet waste from sugar manufacturing and sunflower 
head are alternatives sources of pectin. On the other hand, it is reported that sweet 
potato residues contain about 15 percent of pectin on its dry matter basis (Mei et al., 
2010). Hence, sweet potato residue can be used as an alternative source of pectin. 
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The molecular size and degree of esterification (DE) of pectin play a vital role 
in the ability of pectin to from gel. Different sources of pectin do not necessarily have 
the same gelling ability due to variations in numerous parameters. Thus, the number 
of sources for commercial pectin manufacture is limited even though it occurs in most 
plant tissues (Srivastava & Malviya, 2011). In this study, the DE of pectin is identified 
using Fourier transform infrared (FTIR). 
 
 
When many factors and interactions affect desired response, response surface 
methodology (RSM) is an effective tool for optimizing the process, which was 
originally described by Box and Wilson (1951). RSM is a collection of statistical and 
mathematical techniques that has been successfully used for developing, improving 
and optimizing processes. The main advantage of RSM is the reduced number of 
experimental trials needed to evaluate multiple parameters and their interactions. 
Therefore, it is less laborious and time-consuming than other approaches required to 
optimize a process (Giovanni, 1983). Response surface methodology has been 
successfully used to model and optimize the extraction of pectin from apple pomace 
(Wang et al., 2007), lemon byproduct (Masmoudi et al., 2008), passion fruit peel 
(Kliemann et al., 2009a), dragon fruit peel (Thirugnanasambandham et al., 2014), , 
grapefruit peel (Wang et al., 2015) and banana peels (Oliveira et al., 2016). 
 
 
 
 
1.3 Objectives 
 
 
This study embarks on the following objective: 
 
 
1 To optimise the effect of acid, pH, temperature, and extraction time on yield of 
pectin from sweet potato residues (Ipomoea batatas var. Serdang 1) residues using 
response surface methodology. 
2 To characterise the degree of methylesterification (DM), rheological properties 
and the antioxidant properties of pectin from sweet potato residues.  
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1.4 Scope of Study  
 
 
1 Optimization of pectin yield extraction from sweet potato residue at different 
condition of pH (1-3), temperature (60- 90 0C) and time (30-90 minutes) using 0.1 
M Hydrochloric acid (HCl) by Response Surface Methodology (RSM).  
 
 
2 Determination of the degree of methyl esterification of extracted pectin using 
Fourier Transform Infrared (FTIR) Spectroscopy.  
 
 
3 Analysing the rheological properties of the extracted pectin using viscometer at 0.5 
%w/v, 1.0% w/v and 2.5% w/v concentration of pectin sugar solution. 
 
 
4 Evaluation of antioxidant properties of pectin yield using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) analysis.  
 
 
  
55 
 
 
 
 
 
 
 
REFERENCES 
 
 
 
 
Abubakar, H. N., Olayiwola, I. O., Sanni, S. A., & Idowu, M. A. (2010). Chemical 
composition of sweet potato (Ipomea batatas Lam) dishes as consumed in 
Kwara state, Nigeria. International Food Research Journal, 17(2), 411–416. 
Adamu, M. S., Bello, U. M., Bilal, S., & Mashi, A. H. (2016). Available online 
www.jsaer.com Research Article Extraction and Characterization of Pectin from 
Orange Peels, 3(3), 215–217. 
Adepoju, A. L., & Adejumo, B. . (2015). Some Proximate Properties Of Sweet 
Potato ( Ipomoea Batatas L ) As Influenced By Cooking Methods, 4(3), 146–
148. 
Almeida, M., Erthal, R., Padua, E., Silveira, L., & Am, L. (2008). Talanta Response 
surface methodology ( RSM ) as a tool for optimization in analytical chemistry, 
76, 965–977. 
BeMiller, J. N. (1986). An introduction to pectins: structure and properties. ACS 
Symposium Series, 310, 37–41. 
Chen, Y., Zhang, J.-G., Sun, H.-J., & Wei, Z.-J. (2014). Pectin from Abelmoschus 
esculentus: optimization of extraction and rheological properties. International 
Journal of Biological Macromolecules, 70, 498–505.  
Coimbra, P., Ferreira, P., Sousa, H. C. De, Batista, P., Rodrigues, M. A., Correia, I. 
J., & Gil, M. H. (2011). International Journal of Biological Macromolecules 
Preparation and chemical and biological characterization of a pectin / chitosan 
polyelectrolyte complex scaffold for possible bone tissue engineering 
applications, 48, 112–118.  
Elisabeth, D. A. A. (2015). Added Value Improvement of Taro and Sweet Potato 
Commodities by Doing Snack Processing Activity. Procedia Food Science, 3, 
262–273.  
Fissore, E. N., Matkovic, L., Wider, E., Rojas, A. M., & Gerschenson, L. N. (2009). 
56 
 
 
Rheological properties of pectin-enriched products isolated from butternut 
(Cucurbita moschata Duch ex Poiret). LWT - Food Science and Technology, 
42(8), 1413–1421.  
Ginting, E., & Yulifianti, R. (2015). Characteristics of Noodle Prepared from 
Orange-fleshed Sweet Potato, and Domestic Wheat Flour. Procedia Food 
Science, 3, 289–302.  
Gnanasambandam, R., & Proctor, A. (2000). Determination of pectin degree of 
esterification by diffuse reflectance Fourier transform infrared spectroscopy. 
Food Chemistry, 68(3), 327–332. 
Hamouz, K., Kita, A., & Ba, A. (2015). LWT - Food Science and Technology 
Antioxidant activity and quality of red and purple fl esh potato chips a, 62. 
Happi Emaga, T., Ronkart, S. N., Robert, C., Wathelet, B., & Paquot, M. (2008). 
Characterisation of pectins extracted from banana peels (Musa AAA) under 
different conditions using an experimental design. Food Chemistry, 108(2), 
463–471.  
Hue, S. M., & Low, M. Y. (2015). An Insight into Sweetpotato Weevils 
Management: A Review, 2015(1), 1–31. 
Ismail, N. S. M., Ramli, N., Hani, N. M., & Meon, Z. (2012). Extraction and 
characterization of pectin from dragon fruit (Hylocereus polyrhizus) using 
various extraction conditions. Sains Malaysiana, 41(1), 41–45. 
Jayani, R. S., Saxena, S., & Gupta, R. (2005). Microbial pectinolytic enzymes: A 
review. Process Biochemistry, 40(9), 2931–2944.  
Kliemann, E., de Simas, K. N., Amante, E. R., Prudêncio, E. S., Teófilo, R. F., 
Ferreira, M. M. C., & Amboni, R. D. M. C. (2009a). Optimisation of pectin acid 
extraction from passion fruit peel ( Passiflora edulis flavicarpa) using response 
surface methodology. International Journal of Food Science & Technology, 
44(3), 476–483.  
Kliemann, E., de Simas, K. N., Amante, E. R., Prudêncio, E. S., Teófilo, R. F., 
Ferreira, M. M. C., & Amboni, R. D. M. C. (2009b). Optimisation of pectin acid 
extraction from passion fruit peel ( Passiflora edulis flavicarpa) using response 
surface methodology. International Journal of Food Science & Technology, 
44(3), 476–483.  
Kyomugasho, C., Christiaens, S., Shpigelman, A., Van Loey, A. M., & Hendrickx, 
57 
 
 
M. E. (2015). FT-IR spectroscopy, a reliable method for routine analysis of the 
degree of methylesterification of pectin in different fruit- and vegetable-based 
matrices. Food Chemistry, 176, 82–90.  
Lefsih, K., Giacomazza, D., Dahmoune, F., Mangione, M. R., Bulone, D., San 
Biagio, P. L., … Madani, K. (2017). Pectin from Opuntia ficus indica: 
Optimization of microwave-assisted extraction and preliminary characterization. 
Food Chemistry, 221, 91–99.  
Liew, S. Q., Chin, N. L., & Yusof, Y. A. (2014). Extraction and Characterization of 
Pectin from Passion Fruit Peels. Agriculture and Agricultural Science Procedia, 
2, 231–236.  
Liu, Y., Shi, J., & Langrish, T. A. G. (2006). Water-based extraction of pectin from 
flavedo and albedo of orange peels. Chemical Engineering Journal, 120(3), 
203–209.  
Masmoudi, M., Besbes, S., Chaabouni, M., Robert, C., Paquot, M., Blecker, C., & 
Attia, H. (2008). Optimization of pectin extraction from lemon by-product with 
acidified date juice using response surface methodology. Carbohydrate 
Polymers, 74(2), 185–192.  
Methacanon, P., Krongsin, J., & Gamonpilas, C. (2014). Pomelo (Citrus maxima) 
pectin: Effects of extraction parameters andits properties. Food Hydrocolloids, 
35, 383–391. 
Mierczyńska, J., Cybulska, J., & Zdunek, A. (2017). Rheological and chemical 
properties of pectin enriched fractions from different sources extracted with 
citric acid. Carbohydrate Polymers, 156, 443–451.  
Minjares-Fuentes, R., Femenia, A., Garau, M. C., Meza-Velázquez, J. A., Simal, S., 
& Rosselló, C. (2014). Ultrasound-assisted extraction of pectins from grape 
pomace using citric acid: A response surface methodology approach. 
Carbohydrate Polymers, 106, 179–189.  
Nielsen, S. S. (2010). Food Analysis Laboratory Manual. Media, 103–113.  
Norulfairuz, D., Zaidel, A., & Meyer, A. S. (2012). Biocatalysis and Agricultural 
Biotechnology Biocatalytic cross-linking of pectic polysaccharides for designed 
food functionality : Structures , mechanisms , and reactions. Biocatalysis and 
Agricultural Biotechnology, 1(3), 207–219.  
Oliveira, T. Í. S., Rosa, M. F., Cavalcante, F. L., Pereira, P. H. F., Moates, G. K., 
58 
 
 
Wellner, N., … Azeredo, H. M. C. (2016). Optimization of pectin extraction 
from banana peels with citric acid by using response surface methodology, 198, 
113–118.  
Prakash Maran, J., Sivakumar, V., Thirugnanasambandham, K., & Sridhar, R. 
(2013). Optimization of microwave assisted extraction of pectin from orange 
peel. Carbohydrate Polymers, 97(2), 703–709.  
Prior, R. L. (2005). The Chemistry behind Antioxidant Capacity Assays The 
Chemistry behind Antioxidant Capacity Assays. Journal of Agriculture and 
Food Chemistry, 53(6), 1841–1856. http://doi.org/10.1021/jf030723c 
Ptichkina, N. M., Markina, O. A., & Rumyantseva, G. N. (2008). Pectin extraction 
from pumpkin with the aid of microbial enzymes. Food Hydrocolloids, 22(1), 
192–195.  
Rha, H. J., Bae, I. Y., Lee, S., Yoo, S. H., Chang, P. S., & Lee, H. G. (2011). 
Enhancement of anti-radical activity of pectin from apple pomace by 
hydroxamation. Food Hydrocolloids, 25(3), 545–548.  
Sahin, S., & Sumnu, S. (2006). Physical properties of food. Physical Properties of 
Foods SE - 5.  
Salawu, S. O., Udi, E., Akindahunsi, A. A., Boligon, A. A., & Athayde, M. L. 
(2015). Antioxidant potential , phenolic profile and nutrient composition of 
flesh and peels from Nigerian white and purple skinned sweet potato ( Ipomea 
batatas L .), 5(5), 14–23. 
Sharma, P. C., Gupta, A., & Kaushal, P. (2014). Optimization of method for 
extraction of pectin from apple pomace, 5(June), 184–189. 
Sotanaphun, U., Chaidedgumjorn, A., Kitcharoen, N., Satiraphan, M., 
Asavapichayont, P., & Sriamornsak, P. (2012). Preparation of Pectin from Fruit 
Peel of Citrus maxima. Silpakorn U Science & Tech J, 6(1), 42–48. 
Sriamornsak, P. (2003). Chemistry of Pectin and Its Pharmaceutical Uses : A 
Review, 206–228. 
Srivastava, P., & Malviya, R. (2011). Sources of pectin, extraction and its 
applications in pharmaceutical industry - an overview. Indian Journal of 
Natural Products and Resources, 2(1), 10–18. 
Synytsya, A. (2003). Fourier transform Raman and infrared spectroscopy of pectins. 
Carbohydrate Polymers, 54(1), 97–106. 
59 
 
 
Thirugnanasambandham, K., Sivakumar, V., & Prakash Maran, J. (2014). Process 
optimization and analysis of microwave assisted extraction of pectin from 
dragon fruit peel. Carbohydrate Polymers, 112, 622–626.  
Tripathi, S., Mehrotra, G. K., & Dutta, P. K. (2010). Preparation and 
physicochemical evaluation of chitosan / poly ( vinyl alcohol )/ pectin ternary 
film for food-packaging applications, 79, 711–716.  
Ukom, A. N., Ojimelukwe, P. C., & Okpara, D. A. (2009). Nutrient composition of 
selected sweet potato [Ipomea batatas (L) Lam] varieties as influenced by 
different levels of nitrogen fertilizer application. Pakistan Journal of Nutrition, 
8(11), 1791–1795.  
Wang, S., Chen, F., Wu, J., Wang, Z., Liao, X., & Hu, X. (2007). Optimization of 
pectin extraction assisted by microwave from apple pomace using response 
surface methodology, 78, 693–700.  
Wang, W., Ma, X., Xu, Y., Cao, Y., Jiang, Z., Ding, T., … Liu, D. (2015). 
Ultrasound-assisted heating extraction of pectin from grapefruit peel: 
Optimization and comparison with the conventional method. Food Chemistry, 
178, 106–114.  
Wang, X., Chen, Q., & Lü, X. (2014). Food Hydrocolloids Pectin extracted from 
apple pomace and citrus peel by subcritical water. Food Hydrocolloids, 38, 
129–137. 
Wikiera, A., Mika, M., Starzyńska-Janiszewska, A., & Stodolak, B. (2016). Endo-
xylanase and endo-cellulase-assisted extraction of pectin from apple pomace. 
Carbohydrate Polymers, 142, 199–205. 
Xin, S., Li, X., Ma, Z., Lei, Z., Zhao, J., Pan, S., … Deng, H. (2013). Cytotoxicity 
and antibacterial ability of scaffolds immobilized by polysaccharide / layered 
silicate composites. Carbohydrate Polymers, 92(2), 1880–1886.  
Yeoh, S., Shi, J., & Langrish, T. A. G. (2008). Comparisons between different 
techniques for water-based extraction of pectin from orange peels, 
218(September 2006), 229–237 
Zhang, C., & Mu, T. (2011). Optimisation of pectin extraction from sweet potato 
(Ipomoea batatas, Convolvulaceae) residues with disodium phosphate solution 
by response surface method. International Journal of Food Science & 
Technology, 46(11), 2274–2280.  
60 
 
 
Zhang, Y. Y., Mu, T. H., & Zhang, M. (2013). Optimisation of acid extraction of 
pectin from sweet potato residues by response surface methodology and its 
antiproliferation effect on cancer cells. International Journal of Food Science 
and Technology, 48(4), 778–785. 
Zhongdong, L., Guohua, W., Yunchang, G., & Kennedy, J. F. (2006). Image study of 
pectin extraction from orange skin assisted by microwave. Carbohydrate 
Polymers, 64(4), 548–552.  
Zouambia, Y., Youcef Ettoumi, K., Krea, M., & Moulai-Mostefa, N. (2014). A new 
approach for pectin extraction: Electromagnetic induction heating. Arabian 
Journal of Chemistry, 1–8.  
 
 
 
